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1971.-In the in situ perfused dog kidney perfusion pressure was gradually increased from 110 to 325 mm Hg. Renal blood flow remained stable until perfusion pressure exceeded 225-240 mm Hg, the glomerular filtration rate over the entire pressure range studied. There was a direct relationship between renal artery perfusion pressure and fractional sodium excretion both in hydropenia and in water diuresis. In hydropenia, fractional sodium excretion and free water reabsorption increased with elevation of renal artery perfusion pressure up to 160 mm Hg. Beyond this range free water reabsorption declined and finally became negative while the fractional sodium excretion continued to increase. In water diuresis, fractional distal tubular sodium reabsorption was found to be more inhibited when urine flow was increased by increment in perfusion pressure than by intravenous mannitol load. Albumin infusion into the renal artery abolished the high-pressure natriuresis except in chlorothiazide-treated dogL. c This supports the hypothesis that tubular sodium reabsorption is controlled by physical forces. Na+ reabsorption and renal artery pressure has been established in rats (11, 13). Stop-flow experiments indicate that experimental hypertension in rats will also inhibit distal tubular sodium reabsorption (24). The mechanism of the effect of perfusion pressure on tubular sodium reabsorption is still unclear. In decapsulated rat kidneys, however, the inhibitory effect of elevated perfusion pressure on proximal tubular sodium reabsorption is abolished (11). This implies the importance of physical factors in mediating the natriuretic effect of elevated renal artery pressure.
In the work to be reported, a method of in situ perfusion of the kidney has been used. This method has permitted the study of the effect of graded increases in renal artery perfusion pressure on renal function both during hydropenia and water diuresis. Thereby the summarized effect of the perfusion pressure on the tubular handling of sodium could be established.
Elevated renal artery perfusion pressure was found to inhibit the Na+ reabsorption in the entire tubule. Inhibition in the proximal tubule appeared to precede inhibition in the loop of Henle. In a few experiments 20% albumin was infused into the perfused kidney. This procedure always abolished the natriuretic response. This finding provides circumstantial evidence that transmission of hydrostatic pressure from the renal artery to the peritubular capillaries or interstitium is responsible for the suppression of sodium reabsorption produced by elevated renal artery pressure.
MATERIALS AND METHODS
The experiments reported were carried out on 35 mongrel dogs of either sex, ranging in weight from 17 to 25 kg. All c the dogs were adult.
General Prepurations
The animals were anesthetized with Nembutal 30 mg/kg body wt initially and with small supplements as required. After anesthesia, the dogs were intubated and kept on artificial respiration by means of an Engstrom respirator supplied with air. In some of the dogs the acid-base balance was repeatedly checked with an Astrup pH meter. The body temperatures of the dogs were kept constant at 37 C by means of rubber-mattress thermostats surrounding their bodies.
For infusion, perfusion, and pressure-recording purposes, exposure was made of both femoral arteries and veins, left brachial vein, and right carotid artery.
After a suprapubic incision, both ureters were catheterized with infant-feeding tubes size Fr. 5. For perfusion of the right kidney, the right renal artery was catheterized from within the aorta with a large thinwalled metal catheter inserted via the femoral artery. Blood flow to the kidney was at no time interrupted since the catheter was primed and continuously perfused with blood from the carotid artery. Each animal received 300 units of heparin per kilogram body wt at the beginning of the experiment to prevent clotting in the perfusion system. Tight fit of the renal artery around the catheter was ensured by the following procedure : indocyanine green injected into the aorta at the entrance of the right renal artery yielded no deflection in renal vein blood until recirculation occurred.
APERIA, BROBERGER, AND SijDERLUND
In those experiments where determination of total renal blood flow was made, the right renal vein was catheterized under fluoroscopic guidance, using a radiopaque polyethylene catheter (edman-Ledin, Kifa 1 or 3).
Experimentul Methods
The carotid artery cannula was connected with the renal artery catheter via a Portex tube with an internal diameter of 7 mm. The major part of the connection consisted of two branches. One of the branches passed through a Sigmamotor pump. When the perfusion pump was used, the other branch (the shunt) was clamped.
By use of the shunt, blood flow to the kidney was at no time interrupted. Protocol. After l-2 urine collection periods, the animals were given an intravenous mannitol load at an infusion rate slightly exceeding the diuresis. The hydropenic animals received a 15 % mannitol solution.
In water-diuresis experiments, a 3.0 % mannitol solution was used.
Procedure, Album in Studies
All the animals in this series were hydropenic. Protocol. After l-2 urine collection periods during perfusion pressure 150 mm Hg, the pressure was raised to ZOO-250 mm Hg. The pressure was then kept constant at this level until the end of the study. After 2-3 urine collection periods, 20% human albumin was infused into the sidearm of the perfusion system. The infusion was started with a prime dose of 1 ml/kg body wt given during 30 sec. The prime dose was immediately followed by a continuous infusion at the rate of 0.2 ml/kg body wt per min. Urine was collected at 15-min intervals during the next 45-60 min.
Procedure, Chlorothiaside and Albumin Studies
In three additional albumin studies, the pressure was kept at a constant low level during the entire study. Following a control period, hydrochlorothiazide (Esidrix, Ciba) was given in the intravenous dosage of 10 mg/kg body wt followed by continuous infusion at the rate of 10 mg/kg body wt per hr. When two to three urine collection periods had been obtained, albumin was infused into the renal artery in the same dosage as was used in the high-perfusionpressure studies. The intravenous infusion of chlorothiazide was continued until the end of the study.
Chemical Analysis
Urine and blood samples were analyzed with regard to the concentration of inulin, Na+, and osmolality. The chemical analysis of inulin was carried out according to the method of Heyrowski, Na+ in an Eppendorff flame photometer, and osmolality cryoscopically with a Knauer microosmometer.
RESULTS

Evaluation of Method
The effect of renal artery catheterization on the function of the kidney is demonstrated in Table  1 . The following parameters were examined : the glomerular filtration rate, 
GFR Urine osmolality
Oh Deviation from 60 value at 150 mm Hg of the values from the noncatheterized kidney. The values were obtained simultaneously from both sides and recorded at the beginning of the experiments while the renal artery catheter was still perfused from the carotid artery via the shunt. The glomerular filtration rate was 10 % lower in the catheterized kidney both during hydropenia and water diuresis but the differences were not significant. The urinary sodium excretion was the same in the catheterized and the not catheterized kidney during hydropenia. During water diuresis, however, the urinary sodium excretion in the catheterized kidney was only 60 % of that in the noncatheterized kidney. This might be due to a slight pressure fall in the renal artery catheter, generally recorded to -5 to -10 mm Hg.
Efects on Renal Hemodynamks
The relationship between renal artery perfusion pressure and renal hemodynamics are illustrated in Fig. 1 The free water production appeared to be little effected by the increases in osmolar clearance. The summarized effects of increasing renal artery perfusion pressure on fractional Na+ excretion is demonstrated in Figure  7 . The natriuretic effect of increasing perfusion was a most consistent finding.
Assuming that the free water production is an index of the distal tubular sodium reabsorption, the distal tubular sodium delivery can be represented by the sum of free water and sodium clearances.
Thus, the quotient CHZO/[CHZO + C,,+] will be an index of the fractional distal tubular sodium reabsorption.
In Fig. 8 The delay was made to ensure complete drainage of the dead space. The renal artery albumin infusion was also followed by a slight fall in the filtration rate. The fall in natriuresis was however out of proportion to the fall in filtration rate. The results from the present study yield a direct relationship between fractional sodium excretion and the renal artery pressure in hydropenia as well as in water diuresis. It might, therefore, be suggested that the abolished inhibition of sodium reabsorption in angiotensin-infused high-pressure dogs is due to some specific action of angiotensin on renal hemodynamics and/or tubular function. It is generally agreed that the amount of free water reabsorption is dependent on the hypertonicity in the medullary interstitium built up by the active sodium reabsorption in the loop of Henle (7, 9). If urine flow is sufficiently high, however, it might be suggested that osmotic equilibration will not occur between the collectingduct fluid and the interstitium.
In such a case free water reabsorption would not be a reflection of medullary hypertonicity.
The results from the hydropenia studies demonstrate that free water clearance starts to decline when the perfusion pressure exceeds 180 mm Hg. This could, accordingly, be due either to a reduced hypertonicity of the medullary interstitium, or to a failure of osmotic equilibration because of high urine flow. 
